Mixtures of 12 commercial portland cement clinkers and water were filtered at 7 minutes and at 2 hours after m ixing, and the chemical composition, pH, conductivity, surface tension, and density of the extracts were determined. The effects on the composition and physical properties of the extracts, produced by the addition of small amounts of various materials to the pastes, were studied in parallel experiments. The added materials included gypsum, which was used in preparing the cements from the clinkers, calcium chloride, calcium ace tate, fluosilic ic acid, sucrose, T D A, tannic acid, and triethanolamine.
INTRODUCTION
A comprehensive series of investigations was undertaken at this Bureau to provide much needed information on the character of the liquid phase following the gaging of portland cements with water, both in the absence and in the presence of various materials that have been suggested for the control of the reactions of hydration. The important variables in the study included:
l. Compositions of the cement clinkers. 2. Presence of additive materials. 3. Time of the reactions. The first report on the series [1] 1 presented observed relations between the potash and the sulfur trioxide contents of the clinkers and of the extracts, leading to the belief that potash is present in many clinkers partly as potassium sulfate. The present (second) report gives information on the effects of clinker composition, character of material added, and time of reaction on the composition, surface tension, density, hydrogen-ion concentration (pH), and specific conductivity of the extracts. The third report [2] includes data on the effects of these same variables on the heats of hydration of the clinkers, the flows and strengths of specimens fabricated from the pastes after removal of the extracts, and the results of certain miscellaneous tests on the clinkers.
Because the amounts of extractable soda and potash in cements and their possible effects on the properties of cement products have been much discussed subjects for many years, the clinkers used in this study were chosen to give a large range in soda and potash contents. The materials added to the clinkers were gypsum, calcium chloride, calcium acetate, fluosilicic acid, sucrose, T D A, tannic acid, and triethanolamine. These substances are referred to as It added materials" or" addition agents" rather than as" admL'{tures."
II. MATERIALS 1. CLINKERS
The chemical analyses and computed compound compositions of the clinkers [3] are presented in table 1 . It is to be noted that the soda content varied from 0.02 to 0.87 percent and the potash content from 0.05 to 1.32 percent.
The clinkers represented standard (Nos. 1,2,3,4,6,7,11, and 12), moderate-heat-of-hardening (Nos. 5, 8, and 9), and sulfate-resisting (No. 10) types. No.2, a white clinker (low F~03)' had a high ignition loss and high free-lime content. Nos. 4 and 5 were the products of one manufacturer, and Nos. 7 and 8 were the products of another manufacturer. All the remaining clinkers were obtained from different plants.
The clinkers, in 600-lb lots, were ground to the finenesses reported in table 1, as determined by Wagner's method f4]. The experiments on a given clinker were nearly completed before the next clinker was ground. TABLE ------------------------------------ --------'.
1.-Chemical analyses, potential compound compositions and finenesses of ground clinkers --------------------
• Potential values calculated with corrections only for free CaO. 
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ADDITION AGENTS
The cements were prepared by adding a finely ground commercial gypsum (46.7 percent of 803, 20.1-percent ignition loss) to the ground clinkers in such amount that the mixtures contained 1.75 percent of 803 as gypsum. Agreement of the analytical determinations of 80a made on random samples indicated that uniform mixtures were obtained when the clinker-gypsum composite had been mixed for 2 hours in a ball mill containing a few pebbles. 8uch mixing had no detectable effect on fineness.
The following materials in percentages by weight of clinker were dissolved in the mixing water used in preparing pastes:
Calcium chloride _________ _____ _______________ ____ 2 T D A, defined by its manufacturer as a mixture of "triethanolamine and highly purified soluble salts of modified lignin sulfonic acids," was dissolved in water (1 T D A:7H20 by weight) and the solution sprinkled on the ground clinker. The mixture, which contained 0.033 percent of T D A and 0.23 percent of added water, was immediately placed in a ball mill with a few pebbles and mixed for 2 hours. It was not used for making up pastes until about 24 hours after mixing.
III. EXPERIMENTAL PROCEDURE
PREPARATION AND FILTRATION OF PASTES
A batch of 7,000 g of clinker or cement, plus 2,450 g of water (cement-water ratio=2.86) or solution containing the addition agent, was mixed by hand for 2~ minutes. Immediately after completion of the mixing, the paste was placed in a specially constructed airpressure filter, previously described [1] , and as much of the solution was removed as was permitted by the water retentivity of the paste. The average time of contact of hydrating clinker and solution was about 7 minutes. A second corresponding mixture was also prepared. This was aged for 1 hour and 55 minutes and then remixed and filterp,rt as the first.
The quantities and colors of the filtrates were observed and recorded. In order to remove the air which had dissolved during the pressure filtration, all solutions were refiltered through a hardened filter paper into a partially evacuated flask. This procedure eliminated the formation of bubbles in the conductivity and surface-tension cells and in the picnometer. Precautions against contamination of the filtrates by the CO2 of the air were taken by the use of soda-lime tubes .
CHEMICAL ANALYSES OF FILTRATES
The filtrates were aliquoted into desired amounts for the various analytical procedures shortly after filtration. The basicity was obtained by titrating the filtrates with standardized HCI, using phenolphthalein as the indicator. The average time of contact of the other , Anhydrous basis .
Aquemts Extracts of Oement Pastes
219
aliquots of the basic solutions with glass receptacles prior to addition of HCl was about 20 minutes. The solutions were analyzed for the following constituents: SiOz, RzOa, CaO, MgO, S03, N azO, and K 20. The amounts of Alz0 3 and Fe203 were generally determined when the R Z0 3 precipitate was comparatively large. CrZ03 was estimated when its presence was indicated by a green color of the ignited R20 3 • In addition to these, the amounts of Cl, CH3COO, and F were determined when calcium chloride, calcium acetate, and fluosilicic acid, respectively, had been added to the mixing water.
Standard procedures of analysis were followed, blank determinations being made and proper corrections applied. Si02, R20 3, CaO, MgO, NazO, KzO, S03, and Cl were determined gravimetrically. Cr203 was estimated colorimetrically. Fc203 was determined volumetrically by titration with K 2CrZ07' N a20 was precipitated and weighed as sodium uranyl zinc acetate. K20 was precipitated as potassium chlorplatinate, which was reduced to Pt and the Pt weighed. Acetate was determined titrametrically on distillates from mixtures of the original solutions plus H 3P04 [5] . Fluorine was determined according to a method reported by Hoffman and Lundell [6] .
pH AND OTHER CONSTANTS OF FILTRATES
Immediately after filtration, portions of the solutions were transferred to the receptacles used in the determination of pH, conductivity, surface tension, and density. These were placed in an air bath, which maintained the temperature of the solutions at25° ± 0.03° C.
The determinations of pH were made by measuring the emf of the cell, Ee, Pt(Pd black)H2 (g)IH+(solution) IKCl(saturated) IHg2C12IHg
EI Ez
Eo at 25° C with a calibrated potentiometer, using a sensitive galvanometer and a standard cell. Details of the apparatus, including the cell setup, have been described [7] . The pH values of the solutions, after the values of Ee had been me9sured, were computed from the relation,
in which Eo is the standard potential of the saturated calomel electrode, and EI and Ez represent the potentials that are developed at the liquid junctions designated in the cell setup. The values of the liquid-junction potentials, EI and E 2 , may be approximated by the use of the modified Henderson equation [8] . However, the computations of the value of EJ are extensive and yield only a fair approximation for complex solutions such as those obtained in this study. Instead of using a reported value for Eo and correcting for the liquid junction potentials by Henderson's equation, an alternate method was employed as described below.
The cell was standardized against solutions of potassium hydroxide, the pH values of which were computed by Hamer [9] During use, the cell setup was readily checked against a solution of KOH of known strength. Such calibration was found to be far more satisfactory than that obtained by the use of potassium acid phthalate buffer.
Conductivities were measured with calibrated equipment, and the results are accurate to about 0.1 percent.
The capillary-rise method was employed in the surface-tension measurements, the cell being calibrated with water, using the value of 71.98 dynes/em [12] . The results on solutions of pure salts were reproducible to ±0.03 dyne/em, but the filtrates from the clinker pastes frequently contained surface contaminants, presumably traces of oil picked up during filtration, and therefore the errors for such solutions were high.
The densities of the filtrates, determined according to standard procedure and corrected to vacuum, are accurate to about 1 part in 10,000. IV. RESULTS AND DISCUSSION
GENERAL EXPERIMENTAL RESULTS
The data for the filtrates are reported in table 3: All the results are for single determinations only. However, in a few scattered instances duplicate analyses of a given filtrate were made for one or more of the following: CaO, S03, Na20, K 20, and basicity. The results of these tests agreed within 1 percent or less of the amounts reported, except those for Na20 when present in small amounts or when prescnt with much K20. These differences were generally larger, ranging up to 10 percent (clinker 4) . ~~'8~~~~::::::: i~~l~:~l:: 'i~7a' " 'i~47'" 'i22'" 'iao'" 2ii~5g'" i6~48'" i4~oi'" i2:39'" ' ijii'" ' i~39'" 'i~58'" 'i~42'" 'i~63' " ' i~55' " 'i:3i'" ' i: In general, these data show good agreement. The observed differences are due probably more to the variations of about 1 or 2 minutes in the times of contact of solution and clinker than to analytical errors. A few determinations of CaO and basicity in filtrates from duplicate pastes at 2 hours showed better agreement than those observed at 7 minutes. The differences between the weights of the water used in making up the pastes and the weights of the filtrates given in table 3 furnish no indication of the extent of hydration of the clinkers, since most of the uncombined water could not be removed by the method used. This was particularly true of some of the 7-minute pastes, where shrinkage caused by quick setting interfered with the filtration process.
The filtrates were clear and colorless with the following exceptions: (1) A yellow color, observed in some of the extracts, was found to be associated with the presence of Cr203' (2) Triethanolamine, after reaction with the clinkers, usually imparted a light-blue color. (3) The use of calcium acetate with a number of clinkers resulted in the formation of a white colloidal solution.
MgO was generally absent from the solution (0.000 g/liter in 173 out of 204 determinations) or present only in small amounts (0.001 to 0.029 g/liter). Since no correlations involving MgO could be deduced, it will not be considered further.
Sulfite was present in solutions obtained from the pastes of clinkers 7 and 8 (no added materials). Small amounts of thiosulfate were present in the filtrates from corresponding pastes containing gypsum . No quantitative estimation of these two constituents was attempted. Figure 1 , plotted from data in table 3, shows the compositions of the 7-minute and 2-hour extracts from the clinker pastes containing no added materials. In this figure the basicities of the extracts and concentrations of each oxide are plotted against the potash content of the clinkers from which the extracts were obtained.
C OMPOSITIONS OF THE FILTRATES
Although this method of plotting the data is somewhat empirical, it appears to be justified in that it reveals certain trends in the data. Thus the increase in ccncentration of potash in solution with increased potash content of the clinkers is accompanied by increased basicity; increased concentrations of silica and oxides of the R 20 3 group; increased concentration of sultate in the extracts from the clinkers highest in potash; and a rather irregular decrease in the lime con-23 1 centration. The graph of soda concentrations serves only for comparison of the individual values with the concentrations of other oxides, since the quantities of extracted soda have no relation to the potash content of the clinkers.
The percentage extractions of soda from the clinkers are considerably smaller than the extractions of potash and show less relation to the soda content of the clinkers. Hence the adopted method of plotting gives more regular relations than those which r esult when the concentrations of the various oxides in the extracts are plotted against the total alkali content of the clinkers.
In this section the discussion will be confined to the salient trends in the concentrations of the individual oxides in the extracts from the pastes both with and without added materials. The general effects of each added material on the concentrations of all of the oxides taken as a group will be discussed in section 4, page 240. As shown by figure 1, the maximum concentrations of alkalies in the extracts from the untreated clinker pastes were 2.99 g/liter of Na20 and 18.65 g/liter of K20 at 7 minutes and 3.89 gjliter of Na20 and 19.71 g/liter of K20 at 2 hours. The relatively large amounts of K20 in the extracts from clinkers 4,5,6, 11, and 12 are attributed to the presence of K2S04. 4 In general, smaller amounts of alkalies were extracted in the interval between 7 minutes and 2 hours than during the first 7 minutes.
The results indicate that large differences may exist among clinkers with respect to the rate of solution of the alkalies. In all the 12 clinkers considerable amounts of alkalies remained undissolved at 2 hours. The extent of solution is best shown by calculations of the fractions (percentages of the total in the clinkers) of potash and soda that had dissolved at 7 minutes and at 2 hours.
Such calculations were made for the filtrates from the untreated pastes and from those containing gypsum and triethanolamine. These two added materials represent the extreme effects of the addition agents on the extractions of alkalies-gypsum causing the greatest decreases and triethanolamine the greatest increases. The results given in table 4 shows that the percentages of soda and potash in solution at 7 minutes varied from 0.4 to 30 and 1 to 58, respectively. Calculations based on the data in table 4 reveal that the rate of solution of K 20 from clinkers between 7 minutes and 2 hours varied between 0 and 9 percent, and of Na20, between 1 and 12. The values with added gypsum were slightly decreased, from 1 to 8 percent for the K20 and 1 to 7 percent for the N a20. In the presence of triethanolamine, the rate of solution of the K20 (from six clinkers) varied between 2 and 10 percent, and of Na20, from 2 to 21 percent.
I The assumption that all, or nearly aU, the SO, is present as K2S0. in clinkers 4, 5, 6, 11, and 12 is based on the following deductions, as previously reported in detail [1] . The large fractions ("bout 50 percent) of total K20 dissolving in 7 minutes, together with a nearly linear r elation betweeu the SO, and K,O con· tents of tbe clinkers, suggested the presence of the rearlily soluble salt, K2S0. , Supporting evidence indicating the presence of the salt in the clinkcrs was shown by the good agreement between the number of moles of K20 in the extracts and the number of moles of SO, in the clinkers.
Reports by Taylor on phose-equilibria studies involving K,O and SO, as constituents [13] and on direct examinations of commercial clinkers [14] show tbat K2S0. generally may be observed microscopically in clinker samples if the calculated potential K,SO, is more than 0.25 percent. 
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The results in table 4 were computed on the assumption that the ratio of clinker to solution remained unchanged up to 2 hours. Actually, a portion of the water had combined with the clinker during this period, having the effect of increasing the concentrations of the solutes. The extent of this hydration at time periods comparable to those used in this investigation has been studied by Forsen [15] . He reported that 5 and 6 percent of the mixing water combined as firmly fixed water (retained at 105 0 0) in 10 minutes and 1 hour, respectively, in the case of a quick-setting clinker gaged with 40 percent of water. Addition of a retarder (gypsum plus plaster of paris) reduced these values to 4 and 5 percent, respectively. These results are mentioned here only to indicate roughly the fraction of "fixed" water and not as correction factors_ It is apparent that the amount of water removed as hydrate water will vary from clinker t o clinker and with the added materials. Since no corrections were made for hydrate water, the computations are intended only as approximations of the true values.
(b) LIME
The relation of lime concentration to basicity indicated by the comparisons in figure 1 is more clearly shown in figure 2 , where the amounts of lime are plotted against the values of basicity (NaOH +KOH+Oa(OH)J of the extracts from untreated pastes_ The equilibrium solubility curves of lime in sodium and potassium h ydroxide solutions, determined by Forsen [15] , are reproduced in this figure.
The trend of the data of this study roughly parallels Forsen's solubility curves. The amounts of OaO in solution, however, exceeded the normal saturation values in ten of the twelve7-minute extracts and in all of the 2-hour extracts_ The data do not fall on a smooth curve because the degree of supersaturation undoubtedly varied amo~g the filtrates. Also in the case of the high-potash clinkers the presence of S03 may have affected the solubility relations.
A qualitative verification of the supersaturation of the solutions was obtained by visually estimating the amounts of crystalline illr.- [13] . [14] .
terial precipitated after 2 months from the various filtrates sealed in glass tubes. The crystals, identified as Ca(OH)2, were as much as 1 mm in cross section.
(c) SILICA Figure 1 shows that an increased concentration of silica in the extracts was accompanied by a decreased concentration of lime. The relation is more evident in figure 3 , where the concentration of silica is plotted against that of lime in all of the extracts except those from pastes containing calcium chloride, calcium acetate, and fluos]icic acid. The correlation of the data with the curve given by Flint and Wells [16] for the solubility of silicia in lime solutions at 30° 0 is noteworthy. Apparently the effect of the alkalies on the lime concentration, illustrated in figure 2, does not greatly alter the silica-lime relation. The spread in the points is not surprising, considering the complex nature of the solutions, the lack of attainment of equilibrium, and relatively large analytical errors in the determination of the small amounts of 8i02.
Flint and Wells [16] and Bessey [17] have demonstrated that the compositions of the hydrous calcium silicates are dependent on the composition of the solution. Thus, as the concentration of lime in solution is decreased, the precipitated calcium silicate hydrate becomes poorer in lime. The observed correlation of the CaO-8i02 data in the present investigation suggests that lime-poor silicates may be precipitated in the clinker pastes as the lime concentration in the solution is decreased. Figure 1 shows that the concentration of R20 a varied from 0.001 to 0.033 glliter at 7 minutes and from 0.001 to 0.018 glliter at 2 hours. The 7-minute filtrates showing the highest R20 a contents (from clinker pastes 4, 5, and 6) contained Or20a; at 2 hours, however, the constituent was present only in the extract from elinker 6. All solutions containing 01'20 3 were yellow, indicating the presence of the chromate ion.
The portions of R20 a as Al20 a plus Fe20a varied from 0.001 to 0.017 glliter in the filtrates from pastes containing no added materials. When the organic addition agents were incorporated in the pastes, relatively large concentrations of Fe20a and AbOa were sometimes obtained. The changes will be discussed in the section dealing with the added materials individually.
(e) so.
As shown in figure 1 the 80a was present in significant amounts in filtrates from clinker pastes 4, 5, and 6 at 7 minutes, but decreased in the interval between 7 minutes and 2 hours. These decreases appear to be caused by the precipitation 01 calcium sultoaluminate according to the reaction: 3CaO.Ah035+3K2S04+3Ca(OH)2+31H20=3CaO.A1203.3CaSO,.31H2O+6KOH.
The evidence for the occurrence of this reaction is based on calculations which show that the equivalents of 80'4 precipitated in the interval between 7 minutes and 2 hours are equal to the increase in equivalents of OH-during the same interval, allowance being made for the OH-th9.t was introduced by further changes in the concentration of the alkalies and lime. Such calculations were reported in a previous publication [1] for extracts of one of the untreated pastes. The more complete data now available are given in table 5 for the filtrates containing the larger amounts of S03 at 7 minutes from clinker pastes alone, and with T D A, tannic acid, and fluosilicic acid as added materials. Table 5 shows that for each filtrate the total increase in OH-concentration (cohunn 3) exceeds the total decrease in SO; concentration (column 6). This is accounted for by the changes in the concentrations of N aOH, KOH, and Ca(OH)2 in the extracts between 7 minutes and 2 hours. If the OH-introduced from these sources (column 4) is deducted from the total increase in OH-concentration (column 3), the increases in OH-caused by the sulfoaluminate reaction are obtained (column 5). These values are in close agreement with the decreases in SO; concentration (column 6). In many instances the sulfoaluminate reaction accounts for the small amounts of S03 in the filtrates at 7 minutes. For example, the low concentration of S03 (0.10 g/liter) in the 7-minute extract from the paste of clinker 4 containing sucrose suggests that almost complete precipitation of the S03 as sulfoaluminate had occurred. In the extract from the corresponding paste containing no added material, the high concentration of S03 (7.90 g/liter) leads to the belief that precipitation of s~lfoaluminate had proceeded more slowly.
pH AND OTHER CONSTANTS OF THE FILTRATES
Constant emf was not attained in many of the pH determinations. This may have been due to the presence of so-called " electrode poisons" (traces of sulfur compounds, ferric and chromate ions, etc.). Although as much as 6 hours was allowed frequently for approaching a constant emf, the values obtained in many determinations appeared to be low. Because of the uncertainty as to the accuracy of such results, and since the filtrates consisted essentially of mixtures of calcium and alkali hydroxides and their salts, the pH values of pure solutions of calcium hydroxide and potassium hydroxide, respectively, were determined. These values are plotted against corresponding basicities in figure 4 . The resulting curves furnish a basis for comparison with the data on filtrates from the clinker pastes, with and without added materials, plotted in the same figure.
The two curves extending from pH 11.95 to 12.53 and from 12.55 to 13.60 are those for pure solutions of calcium hydroxide and potassium hydroxide, respectively. These curves do not meet because potassium hydroxide is the stronger of the two bases and, at an equivalent concentration, has the higher pH. Thus at a basicity of 0.04 equiv/liter, corresponding to that of a saturated lime solution, the curves show a difference in pH of 0.04 unit. However, above about 0.15 equiv/liter, the pH values of solutions containing both hydroxides are practically the same as those shown by the upper curve because of the low solubility of calcium hydroxide in potassium hydroxide solutions. The pH values of the filtrates from the clinker pastes, therefore, show greater deviations from the potassium hydroxide curve at the lower basicities than at the higher. Figure 4 includes the pH values of practically all filtrates except those con taining triethanolamine. The use of this addition agent resulted in such large potential disturbances that emf measurements could not be made. The rather consistently low values obtained on filtrates when T D A was present are also attributed to electrode poisons. Practically all the other 10' " results on the filtrates, except those containing the calcium salts as added materials, may result from the same cause.
The pH values, in the absence of electrode poisons, are approximately represented by the potassium hydroxide curve in figure 4 , allowance being made at the lower basicities for the presence of calcium hydroxide in the solutions.
The effect of highly soluble calcium salts in lowering the pH of the extracts by relatively large amounts is illustrated in figure 4 , where the pH values of filtrates containing calcium chloride and calcium acetate are seen to lie below the pH curve. These decreases in pH are caused by the decreased effective concentration of the hydroxyl ion in the solutions.
Gypsum, because of its lower solubility, decreased the pH by only 0.02 to 0.04 unit at the basicities prevailing in the extracts.
The excellent agreement between the pH values for Ca(OHh solutions, from 0.04 to 0.015 equiv/liter, reported by Lea and Bessey [18] and those reported here is of interest because different methods of calculating pH were employed.
In figure 5 the specific conductivity is plotted against basicity of the filtrates from a representative number of clinker pastes with and: without added materials. The relation is approximately linear for most of the extracts consisting essentially of solutions of potassium, sodium, and calcium hydroxides, such as many of the filtrates from the pastes alone and from all of those containing sucrose and triethanolamine. The introduction of relatively large amounts of sulfates, chlorides, or acetates in some of the extracts, resulting from the addition of calcium salts, accolmts for the increased conductivity of such solutions. 
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The densities of the ex tract.s , required for calculating the surface tensions, are included in table 3, in order that the analytical data, if desired, may be expressed on a weight basis.
The surface-tension data, neglecting those below 72.0 dynes/cm, which were known to be low because of the presence of surface contaminants, range from 72.0 to 73.0 dynes/cm. The higher values were obtained on solutions containing calcium chloride and acetate as additions. It has occasionally been suggested that changes in surface tension of the aqueous phase of cement pastes may affect such properties as workability. It seems doubtful, however, that the relatively small observed changes in values could be given much weight in interpreting such properties of the pastes.
EFFECTS OF ADDED MATERIALS ON THE COMPOSITIONS OF THE FILTRATES AND ON SOME OF THE REACTIONS IN HYDRATING CLINKERS
The changes in concentrations of the filtrate constituents, caused by the added materials, are shown in figures 6 and 8 to 14. In constructing these figures the differences between the total concentrations of a given constituent in the filtrates from pastes with and without the added material were obtained from the data in table 3. As shovm in figure 6, these differences were plotted against the percentages of potash in the clinkers. Identical concentrations of the various constituents in the extracts of the pastes with and without gypsum ( fig. 6 ), for example, are indicated by points on the horizontal lines designated 0, .0, and .00. Increases and decreases are .represented by points above and below the lines, respectively.
A uniform scale of plotting the graphs could not be employed because of the widely different changes in concentration of the various filtrate constituents. The scale units for the respective oxides in most cases are (1) 1.0 g/liter: K20, Na20, and SOa. Si02 and R20 a. Departures from these scales were necessary in some of the graphs, and such changes will be pointed out where they occur.
The use of the potash content of the clinkers in these graphs is based on reasons similar to those given in the discussion of figure 1. Figures  6 and 8 to 14 show that in most cases the greater changes, caused by the added materials, occur in the extracts of clinkers having the higher potash contents. Distinct trends in the alterations · of all of the filtrate constituents, except soda, are often apparent.
It should be pomted out that small differences between the compositions of filtrates from pastes with and without added materials may not necessarily indicate effects of the additions but may be caused by difficulties in duplicating the manner of mixing the pastes or the time of filtration. Although the time of filtration of duplicate pastes did not vary more than 1 or 2 minutes, as already mentioned, greater variations were experienced in that of pastes made from clinkers with a,nd without added materials. Some of the pastes which became qUick-setting in the presence of added materials, had to be mixed more vigorously and often required 2 to 5 minutes longer for filtration than companion pastes without additions. 
The changes in concentration of the filtrate constituents, shown in figure 6, represent differences in composition of the extracts from the cements and the corresponding clinkers. Trends of decreased basicity, lowered concentrations of alkalies and silica, and increased concentrations of lime, sulfate, and R20 a in the extracts of the cements are apparent.
The decrease in basicity and increase in S03 concentration of the extracts show rather regular trends of increasing magnitude with increasing potftsh content of the clinkers. The lowered basicity may be caused in part by the neutralization of alkali hydroxides in the extracts according to the reaction: 2KOH (or NaOH)+OaS04.2H20=Oa(OH)2+KzS04(Na2S04)' A further cause may be the reduced concentration of total potash and soda in the extracts. Oomparison of figure 6 with figures 8 shows that gypsum was the only added material which consistently decreased the extraction of the alkalies from the clinkers, although in a few cases the decreases were insignificant. It may be noted that the above reaction will proceed to the right only if the alkalies dissolve as hydroxides. If they appear in solution as sulfates, the possibility exists that the reaction may proceed to the left. For this reason, it seems that not only the concentrations of the alkali hydroxides but also the possible concentrations of sulfate merit consideration in making interpretations based on the reaction. The relation between basicity and sulfate concentration of the ext, racts is shown by a plot of the basicity-S03 data in figure 7 . This figure shows that relatively high basicities may prevail in the extracts even when gypsum is present in the pastes.
Decreases in the concentration of silica and increases in that of RZ0 3 group are indicated in figure 6 . As shown by analysis, the increases in the concentrations of RZ0 3 in the extracts from clinkers 4,5,6, 9, and 12 were due to the presence of Cr203' The yellow color of the other filtrates suggests that they also contained Cr203 but in amounts of less than 0.005 g/liter, this being the lowest concentration detectable by the procedure used.
Comparison of the decreases in basicity in the extracts in figures 8 and 6 indicates that calcium chloride produced larger changes than did gypsum. This may be due to the greater solubility of calcium chloride, which permitted more complete neutralization of the alkali hydroxides, according to the equation: 2KOH (or NaOH)+CaC12 =Ca(OHh+2KCl (or NaCl).
Calcium chloride also differed from gypSunl in that, on the average, it increased the extractions of the alkalies from the clinkers. At 2 hours, particularly, the trend of increased potash concentration is very uniform.
In the presence of calcium chloride, the sulfoaluminate reaction appears to be greatly accelerated, as indicated by the large decreases in 803 concentration, leaving only small amounts in solution. The sulfoaluminate may precipitate from pastes of clinkers containing potassium sulfate, according to the reaction: 3CaClz+3K2S0,+3CaO.AlzOa+31H20=3CaO.AI20a.3CaSOj.31H20+6KC!.
This reaction would accolmt for the smaller amounts of lime present in the extracts from the clinkers containing potassium sulfate.
The quantities of lime remaining in solution are governed by the extent of precipitation of calcium chloroaluminate as well as by the neutralization and sulfoaluminate reactions. The formation of the chloroaluminate proceeds according to the equation: 3CaO .AhOa + CaCh + 1 OH20 = 3CaO .AbOa. CaCh.l OH20.
General trends of lowered concentrations of both silica and R 20 3 occurred in the extracts containing calcium chloride. In most cases the decreases were greater at 7 minutes than at 2 hours.
The decreases in the concentration of the chlorine from that added as calcium chloride (26.62 g of Cl/liter) are attributed largely to the formation of the chloroaluminate. Previous work [7] has shown that the composition of this compound does not vary much from the formula 3CaO.Ab03.CaCI210H~O in the presence of concentrations of calcium chloride such as prevail in the extracts. Assuming that the chlorine is precipitated only as the chloroaluminate, calculations show that the percentages of the total Al20 3 which had reacted were as follows: These results indicate that only small amolmts of Al20 3 reacted with the calcium chloride during the two time periods. I ----
.... , ...,. The changes caused by the presence of calcium acetate in the extracts are very similar both in magnitude and direction to those induced by calcium chloride as, comparison of figures 9 and 8 will reveal. As before, the basicities of many of the extracts are govemed largely by the neutralization reaction between the alkali hydroxides and the added salt. The amounts of lime in the extracts (note reduced scale) are somewhat smaller than those in the extracts containing calcium chloride. It should be noted that smaller amounts 'of calcium acetate were added to the pastes. The remaining alterations show no marked departures from those produced by calcium chloride, except that some extracts of the low-potash clinkers contained appreciably more R 20 a in the presence of calcium acetate.
A white tubid appearance of ten of the twelve 7-minute extracts and of one of the 2-hour extracts indicated that some of the constituents of these solutions were present in the colloidal state.
The acetate added to the pastes was withdrawn from the extracts, probably in part by precipitation as an acetoaluminate [19] and in part by absorption, as indicated by the decreased concentration of acetate in solution at 7 minutes. Although further decreases in acetate concentration occurred between 7 minutes and 2 hours in extracts of five of the clinkers, increases were found in the six remaining extracts. No comparison is possible in the case of clinker 7 because the specified amount of calcium acetate was not added to the 2-hour paste.
The changes produced by fluosilicic acid were generally small, as shown in figure 10 . Fluorine was found in the extracts in amounts varying between 0.00 to 0.11 and 0.00 to 0.18 g/liter at 7 minutes and 2 hours, respectively. The small amounts of fluorine in the extracts at 7 minutes show that the constituents of this material were rapidly precipi ta ted.
The minor alterations in basicity and SOa were decreases for the most part. Changes in the extractions of soda were small, but the extractions of potash are of interest in that they were decreased at 7 minutes and altered only slightly at 2 hours. Precipitation of calcium fluoride from the extracts may be indicated by the generally decreased concentration of lime in the extracts at both 7 minutes and 2 hours.
A general trend of decreased silica and increased R20 a concentration in the filtrates is apparent in figure 10 .
(e) SUCROSE Sucrose is the only one of the added materials considered thus far that increased the basicity of the extracts ( fig. 11 ). This was caused not only by increased extraction of the alkalies but also, to a greater extent, by the almost complete conversion of dissolved potassium sulfate to potassium hydroxide, according to the sulfoaluminate reaction. Only 0.03 to 0.15 g/liter of S03 remained in the 7-minute extracts of clinkers 4, 5, and 6, which contained the larger amounts of S03' At the same time, the linle concentrations of 0.04 to 0.07 g/liter were lower than those corresponding to saturation values for the respective potassium hydroxide concentrations (see fi~. .
--'--... r--__ --- The large increases in the amounts of R20 a, consisting wholly of alumina, in the 7-minute extracts of clinkers 4, 5, and 6 may therefore be due to the low-lime concentration in these filtrates. This suggestion is supported by the observation that, as the CaO concentration increased in the interval between 7 minutes and 2 hours, the alumina concentration decreased to values approximating those of untreated filtrates. The alumina was precipitated, presumably, as a calcium aluminate hydrate, although the reactions of the aluminous compounds in the clinker after the sulfate had combined as a sulfoaluminate are not yet definitely known. On the basis of recent results [20] , both the mono sulfate and trisulfate sulfoaluminates are metastable in the presence of alkali hydroxide (0.1 to 0.5 N), with respect to members of the solid-solution series, 3CaO.AI20a.CaS04.12H20-3CaO.AI20a.Ca(OH)2.12H20. Therefore, as the aluminous compounds continue to react, the basicity having increased due to the sulfoaluminate reaction involving potash, a conversion of the metastable products to members of the solid-solution series might be expected. However, this conversion occurs but slowly, and, therefore, calcium aluminate hydrate is probably precipitated as such during the period between 7 minutes and 2 hours considered here. Figure 11 shows that the changes in the concentration of silica were small except in the extracts from clinkers 1 and 4. The decreases in the basicity of the extracts are caused partially by the reduced extractions of the alkalies but perhaps to an even greater extent by inhibition of the sulfoaluminate reaction. This appears to be indicated in figure 12 by increases in the concentration of S03 in the extracts over those prevailing in the filtrates from pastes without added . figure 12 shows a trend toward a decreased concentration of siliaa in the T D A-containing extracts, but at 2 hours no significant changes are revealed. The amounts of R20 3, which consisted partially of Fe20a and in some cases 01'20 3, were increased in most filtrates at both time periods.
(g) TANNIC ACID Figure 13 indicates that the changes in compositiQI). of the filtrates caused by the addition of tannic acid to the pastes were generally small. At 7 minutes, irregular changes in basicity and potash concentration occur, but at 2 hours fairly regular increases are apparent. The variations in extractions of soda are small at both time periods.
Relatively large decreases in concentration of lime occurred in the 7-minute extracts of a number of low-potash clinkers. Very similar changes were noted in the 7 -minute extracts of pastes to which fiuosilicic acid had been added ( fig. 10 ). The 2-hoU\l' filtrates from pastes with tannic acid show small decreases in lime concentration.
At both 7 minutes and 2 hours, tannic acid produ, ced no change in the concentration of 803 in the majority of the extracts. In the remainder, small increases or decreases occU]'.
The alterations in the concentration of silica are somewhat irregular at both 7 minutes and 2 hours but increases predominate. Relatively large increases in the R 20 3 content of the extracts were found, particularly at 7 minutes. These increases may result from the formation of complexes between tannic acid and the RZ0 3• (h) TRIETHANOLAMINE Triethanol'amine produced greater alterations in the compositions of the extracts than any other added material. Because of rapid setting, extracts of 6 of the 12 pastes at 7 minutes and of 2 pastes at 2 hours could not be obtained. Hence the graphs shown in figure 14 are incomplete.
. The increases in basicity displayed by a majority of the extracts appear to be caused by greatly increased extractions of the alkalies. Attention has already been called, in table 4, to this effect of triethanolamine. Where the concentrations of alkali hydroxides were increased, the lime content of the extracts was reduced but still exceeded normal saturation values. No significant alteration of the 803 concentration occurred except for a decrease in the extract of the clinker highest in potash. Three extracts showed increases in silica concentration of 0.02 to 0.03 g/liter, but the remainder were unchanged.
Probably the most striking change in composition of the extracts is the increase in their content of RZ0 3• The reduced scale on which R Z0 3 is plotted in figure 14 should be noted. As in the case of tannic acid, the increases in concentration of R Z0 3 may result from the formation of complexes between triethanolamine and ferric and a~umi num hydroxides. Note variations in scale.
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254 Journal of Research of the National Bureau of Standards V. SUMMARY 1. From 1 to 58 percent of the total potash and from 0.4 to 30 percent of the total soda in 12 portland cement clinkers were extracted in 7 minutes from pastes of these clinkers containing no added materials. In the interval between 7 minutes and 2 hours the percentage increases in the amomlts of potash ranged from 0 to 9 and from 1 to 12 for soda.
-. Triethanolamine increased the extraction of the alkalies from the d inkel's much more than any other material, and gypsum caused the greatest decreases.
2. The extracts of the clinker pastes generally contained lime in amounts greater than the normal saturation values for calcium hydroxide. The exceptions, in a few of the sucrose-containing extracts, were apparently caused by rapid precipitation of calcium sulfoaluminate.
3. The amounts of silica and lime in the extracts corresponded approximately to their reported solubility relations in the system lime-silica-water at 30° C.
4. The amounts of alumina in solution were small except when ()rganic materials had been added to the pastes. Ferric oxide was either absent or present only in small amounts, except in filtrates containing triethanolamine. Small quantities of chromic oxide were found in some of the filtrates.
5. SOg usually decreased in concentration between 7 minutes and 2 hours, precipitating as a sulfoaluminate. In some instances, the ~hanges in concentrations of lime and alumina and the increases in basicity were attributed to the formation of calcium sulfoaluminate.
6. Notwithstanding the presence of gypsum, a large spread (0.05 to 0.16 equiv/liter) in basicity was shown by the filtrates from pastes ~ontaining added gypsum. . 7. Computations based on the amOlmts of calcium chloride that had combined with alumina in the clinkers up to 7 minutes and 2 hours suggest that only small amounts of the alumina-bearing materials had reacted.
8. Sucrose accelerated the early reactions involving the aluminabearing constituents of the clinkers.
. . 9. Graphs were constructed to show the pH of pure solutions of ~alcium and potassium hydroxides. The pH-basicity values of filtrates obtained from clinker-water mixtures, with and without added materials, except calcium salts, approached closely to those of the potassium hydroxide curve when electrode poisons were absent.
The emf cell, used for measuring the pH of the solutions and filtrates, was calibrated against potassium hydroxide solutions of known pH and concentration.
As shown by pH measurements, the presence of calcium chloride and calcium acetate in the filtrates caused large decreases in the effective concentration of hydroxyl ion. The addition of gypsum, on the other hand, caused only slight decreases, which amounted to 0.02 to 0.04 pH unit.
10. The conductivities, surface tensions, and densities of the filt rates are reported. Payment is required in advance. Make remittance payable to the "National Bureau of Standards," and send with order, using the blank form facing page 3 of the cover.
. . . The prices are for delivery in the United State.s and its possessionsa1'\d in countries extending the franking privilege. To other countries the price of MTI is 65 cents; that of MT2 to MT16, inch.)sive, is $2.50 each; remitt~nce to be made payable in United States currency.
. ' . Copies of these publications have been sent to various G,overnment depositories throughout the country, such as public libraries in large cities, and colleges and universities, where they may be consulted.
. . A mailing list is maintained for those who desire to receive announcements regarding new tables as they become available.
